The homogenisation of milk and cream has been widely studied, but the effect of sonication 23 on the structural and functional properties of cream is not well known. In this study, raw 24 milk, ultrafiltration retentate and cream samples were sonicated at 20 kHz and the rennet and 25 acid gelation properties of these sonicated samples investigated. High pressure 26 homogenisation at 80 bar was also performed for comparison. Sonication of raw milk and 27 retentate samples led to a decrease in the fat globule size. Conversely, the fat globules in 28 cream samples sonicated at <10˚C flocculated to form grapelike structures, whereas the 29 cream samples sonicated at 50˚C did not form such aggregates. High pressure 30 homogenisation at 50˚C led to similar flocculated structures, but these were not observed at 31 low temperatures. This suggests a potential benefit of sonication technology in allowing low 32 temperatures to be utilised for cream homogenisation, reducing energy demand. However, a 33 gel made using cheese-milk with sonicated cream resulted in separation of a fat layer rather 34 than the incorporation of the fat globules into the gel matrix. Rennet gelation properties of 35 both the sonicated or homogenised samples were significantly superior to a native control 36 sample where the resultant gels had shorter coagulation times and decreased syneresis.
Introduction

44
Milk fat is present in milk as droplets of diameter in the range of 1-10 μm. These globules 45 are covered with a natural milk fat globule membrane (MFGM) composed mainly of 46 phospholipids and enzymes. The sensorial and rheological properties of many dairy products depend greatly on the size distribution of the fat globules and on the composition of the observed during homogenisation. Separate sonication of cream prior to addition to the cheese 119 milk could avoid the casein-MFGM interactions that reduce the capacity for these proteins to 120 participate in gel formation. The present study uses cream systems containing ~40% fat 121 which were subjected to sonication (50 W for 1 min) or homogenisation (80 bar) prior to 122 addition to standardised cheese milk. The acid and rennet gelation properties were then 123 investigated using these cheese milk systems. Raw milk, ultrafiltrate (UF) retentate, skim milk (SM), skim milk concentrate (SMC) and 128 cream were obtained from a local Victorian dairy manufacturer. The composition of these 129 samples, as supplied by the manufacturer, is given in Table 1. 130 Table 1 here 131 Batch solutions of milk and cream were sonicated in a glass vessel equipped with a cooling 143 jacket using a 20 kHz, 450 W Ultrasonic horn (19 mm diameter, Branson Sonifier 450, 144 Danbury, CT). To maintain a constant energy density, samples of 40 ml were sonicated at an 145 amplitude of 60% and samples of 60 ml were sonicated at an amplitude of 40%. The power 146 draw, as determined from a single-phase energy cost meter (Arlec, Victoria, Australia), was 147 measured as 101 and 189 W under these conditions, giving an input energy density of 152 ± 3 148 J/ml for one minute sonication in both cases. Bayswater, Victoria, Australia) was added at a concentration of 0.05g/l of milk. When the pH 174 of the milk reached 6.50, rennet (Hannilase, 690 IMCU/ml; Chr. Hansen) was added (0.1 ml/l 175 of milk). The milk was allowed to coagulate for a period of 45 min at 33˚C following the 176 standard protocol for Cheddar cheese production (Ong, Dagastine, Kentish, & Gras, 2010) .
177
The acid-induced gel was prepared by adding 2.5% (w/w) Glucono Delta Lactone (Sigma-178 Aldrich, Australia) to the pasteurised milk samples, which were then incubated at 33˚C to 179 form an acid gel for 2 hours. The viscoelastic properties of the acid and rennet gels were analysed using an Advanced 183 Rheometric Expansion System (ARES) rheometer (TA Instruments, New Castle, USA) 184 equipped with a cup (34 mm diameter) and bob (32 mm diameter, 33 mm length) accessory.
185
A sample of cheese-milk (15 ml) that had been inoculated with starter culture (0.05 g/l) and 186 ripened to pH of 6.5 was added to the cup immediately after the addition of rennet (0.1 ml/l).
187
The temperature of the milk was maintained at 33°C. A dynamic time sweep (9000 s) 188 analysis at angular frequency of 5 rad/s and 1% strain was used to analyse the changes in 189 storage modulus (G') as the milk coagulated following a published protocol (Ong, Dagastine, Kentish, & Gras, 2012) . The gelation time was defined as the time taken for each sample to 191 reach G'=5Pa. The gel strength of the samples was determined using a TAXT2 texture analyzer (Stable 198 Micro Systems, Godalming, England) equipped with 2 kg load cell and a cylindrical acrylic 199 probe (2 cm in diameter and 35 mm in height) as described by Ong, Dagastine, Kentish, & 200 Gras, (2011). All samples were analysed 4 h after the gel had set. For the rennet gels, this 201 was 4 h and 45 minutes after rennet addition, while for the acid gels this was a total of six 202 hours after acid addition. A test speed of 1 mm/s was used to compress the sample to 50% of 203 the original height (30 mm). The yield stress was defined as the force required to deform or 204 fracture the sample. The maximum force measured was used as a measure of gel strength. A 205 total of three gel samples were analysed for each processed milk preparation.
207
The gel samples formed from the process milk were prepared for observation by Confocal 208 Laser Scanning Microscopy (Leica Microsystems, Heidelberg, Germany), as previously 209 reported in Ong et al., (2011) . Fat globules were stained with Nile red and protein stained 210 with FCF fast green. The MFGM was stained with lectin wheat germ agglutinin WGA488.
211
A one way ANOVA with 95% confidence interval was used to determine statistical 212 significance, where p<0.05 were considered statistically significant. (4620 J/ml). The CSLM data are consistent with the particle size data presented in Table 2 . 243 Acoustic cavitation generated through sonication results in physical effects such as 244 shockwave formation and high turbulence (Chandrapala et al., 2011) . The resultant large 245 shear forces break down the fat globules. (Table 2 ). These results suggest that sonication at shorter times result in 253 flocculation of fat globules; but that these aggregates are readily dispersed either by 254 prolonged sonication or the use of SDS. These results can be confirmed by CSLM images 255 (Fig 2A) . CSLM images showed flocculated aggregates 30 s of sonication but these 256 disappeared at longer times. Images of fat stained with WGA 488 for the MFGM also show 257 that these flocculated fat globules have lost their MFGM and are coated by milk proteins (Fig   258   2B ). At this stage, it is not fully understood as to why the fat globules flocculate at shorter 259 sonication times but it can be suggested that shorter sonication times break down the MFGM 260 so that the fat globules lose their stability. These disrupted fat globules can attach to proteins 261 and form protein-protein interactions that cause clumping. However, prolonged sonication 262 can break down these flocculated fat globules through the strong shear forces generated 263 through acoustic cavitation. were also analysed ( Fig 5) . In this case, homogenisation at high temperature resulted in the 280 formation of the flocculated fat globule structures, whereas these were absent at the lower 281 temperature. These results are again reflected in the particle size distribution (Fig 4) . Native 282 cream samples at 50˚C showed a peak at ~ 5 μm with a small shoulder at 1 μm. High 283 temperature homogenisation led to an increased particle size of ~50 μm. In contrast, low 284 temperature homogenisation led to only a slight broadening of the central peak at 5 μm and 285 an increase in the shoulder at 1 μm. A broadening of the size distribution was also observed 286 for single stage ultrahigh pressure homogenisation of warmed milk at 300 MPa (Thiebaud et 287 al., 2003) . The authors of this prior study suspected that the formation of larger particles was 288 due to unfolding and aggregation of whey proteins at the surface of the newly created droplets. Cream samples conventionally homogenised at 50̊ C contained a large amount of 290 10-100 µm particles (Fig 4) . It should be noted that Koh et al., (2014) showed that cavitation 291 did not occur during conventional homogenisation with the conditions used here. The addition of homogenised or sonicated cream into cheese milk reduced the rennet gelation 296 time by more than half, relative to the use of native cream (P < 0.05) ( Table 3) relative to raw milk. The lower RCT of homogenized milks could be explained by the fact 302 that most κ-casein is located on the micelle surface. As the casein enrobes the fat globules, 303 the κ-casein level is effectively diluted and a smaller critical level of κ-casein hydrolysis is 304 required to start coagulation (Guinee et al., 1997) . Furthermore, homogenization increases the 305 surface area of available casein, making the κ-casein more available for chymosin action and 306 thus, reducing the RCT (Ghosh, Steffl, Hinrichs, & Kessler, 1994) .
307 Table 3 here 308 Gel strength and yield stress did not change, within experimental error (Table 3) more cohesive than the acid gels, with fewer and larger pores, consistent with observations in homogenisation to achieve similar size reductions; as the total energy demand would 388 decrease. However, in the present case, the use of such sonication led to fat separation from 389 the gel structure rather than an effective incorporation. Hence, careful consideration of 390 processing parameters is needed. Michalski, M., Camier, B., Briard, V., Leconte, N., Gassi, J., Goudedranche, H., Michel, F., 471 & Fauquant, J. (2004) . The size of native fat globules affects physicochemical and functional 
